Abstract
Introduction

54
Sea-level rise is one of the main consequence associated with climate change, and is a major threat for 55 coastal populations all over the globe (IPCC, 2014) . In fact, more than half of the human population 56 lives on low-lying islands or along coastlines (Houghton et al, 1996) , and it has been estimated that, by 57 2050, the frequency of coastal flooding may double (Vitousek et al., 2017) . Due to the vulnerability of 58 low-lying coastlines and islands to flooding or drowning (Nicholls et al., 1999; Nicholls and Cazenave, 59 2010) it is essential to understand sea-level variability and its rates at different time scales (Lambeck 60 and Chappell, 2001; Milne et al., 2009 ). 61 62
With the onset of the Holocene (~12 ka BP), after the Last Glacial Maximum, eustatic sea level rose as 63 a result of increasing temperatures and ice loss in polar regions. Locally, sea level departs from the 64 global average due to the combined effects of glacial isostatic adjustment (GIA) (Milne and Mitrovica, 65 2008), including ocean syphoning (Milne and Mitrovica, 2008; Mitrovica and Milne, 2002; Mitrovica 66 and Peltier, 1991) and the redistribution of water masses due to changes in gravitational attraction 67
and Earth rotation following ice mass loss (Kopp et al., 2015) . These processes are superimposed to 68 land level changes due to geological processes, such as subsidence resulting from sediment 69 compaction or tectonics (e.g., Tjia et al. (1972) and Zachariasen, (1998) ). Sea-level reconstructions in 70 areas far from polar regions (i.e., far-field, Khan et al., 2015 ) show a rapid sea-level rise after the onset 71 of Holocene, followed by a GIA-driven sea level highstand in many equatorial areas between 6 and ~3 72 ka BP (when ice melting was at its maximum), and a subsequent sea-level fall. Thus, far-field locations 73 experienced a higher relative sea level (RSL) in the middle Holocene (e.g. Grossman and keep growing horizontally at the same elevation, as soon as they reached this level. If sea level 81 rises above MLW or falls below LAT over extended periods of time, the coral polyps die, retaining their 82 fossil skeleton only. Due to this characteristic, fossil microatolls are often considered as an excellent 83 RSL indicator, when found in good preservation state, as they constrain paleo RSL within MLW to LAT 84 (Meltzner and Woodroffe, 2014) . Fossil microatolls can also be easily assigned with an age, either by 85 14 C (Woodroffe et al., 2012) or U-series dating (Azmy et al., 2010) . Recent studies also showed that the 86 accurate measurement, dating and standardized interpretation of coral microatolls has the further 87 potential to detail patterns and cyclicities related to short-term Holocene sea level fluctuations 88 (Hallmann et al., 2018; Meltzner et al., 2017 
Methods
149
Fossil and living microatoll heights on Sanrobengi, Kodingareng Keke, Bone Batang, Suranti and 150 Tambakulu ( Figure 1 ) were surveyed with an automatic level. Their elevations were initially referenced 151 to locally deployed water level sensors acting as temporary benchmarks (stars in Figure 1c- From our elevation measurements, we calculated paleo RSL applying the concept of indicative meaning 166 (Shennan, 1986 ) to coral microatolls, using as modern analog living microatolls that were measured in 167 the field. We calculated RSL using the following formula: 168 169
where E is the surveyed elevation of the fossil microatoll; HLC is the average height of living coral and 172
Er is the estimated portion that was eroded from the upper fossil microatoll surface. The latter value 173 was included in our calculation only in presence of visibly eroded microatolls. 
180
To quantify the error in the RSL calculation, we use the square root of the sum of squares of each single 181 uncertainty term, following the formula: 182 183
where σBm is the individual benchmark error that stems from referencing the local tide and pressure 186 sensor elevation on each island to the tide and pressure sensor elevation of Panambungan. We 187 calculated the elevation difference between the sensor of one island e.g., Sanrobengi and 188
Panambungan (sensor elevation below MSL) to get the sensor elevation below MSL for Sanrobengi and 189 repeated it for each island. Thus, this error is included five times (one per island); σE is the elevation 190 error of the survey. Note that, if the automatic level had to be moved due to excessive distance from 191 the benchmark to the measured point, this error is doubled. This had to be done for FMA 1 to 3 in 192 Suranti (tripod was moved twice thus four times this error) and FMA 22 to 26 in Sanrobengi. is combined with a perfectly elastic lithosphere whose thickness ranges from 90 to 120 km ( Figure 6 ). 228 We combine the Earth models with ICE-5G ice-sheet model (Peltier, 2009) 
Results
235
Our new dataset consists of 17 fossil microatolls with average ages in calendar years ranging from 236 5956.5±83.5 a BP to 3614.5±98.5 a BP and 8 fossil microatolls with ages varying from 236.5±96.5 a BP 237 to 36.5±11.5 a BP surveyed on five Islands (Table 2) (2016) ( Table 3) . During the survey, in comparison to other microatolls on Suranti the microatoll 240 PS_FMA 4 showed evidences of reworking, e.g., its position is plainly deeper than the other fossil 241 microatoll positions on Suranti and it was not securely grounded, thus it was subsequently rejected. 242 Therefore, it is not shown in the results or discussed further. 243
As shown in Table 2 and Figure 3b Table 1 and Table 2 are plotted in Figure 3 . The location of each study site is indicated in 274 Figure 3a ) by letters and dots that are representing the colors of the related graphs. Locally measured 275 HLC, used to calculate RSL as reported in the methods, is plotted in 
278
RSL vs age of the sea-level indicators at each island. Note that, for a better visualization and because of the young age, the
x-axis for panel d) Suranti and h) Tambakulu is shorter than for the other islands, but the y-axis is unchanged.
Discussion
284
The dataset presented in Table 1 and Table 2 One possibility, that would need further fieldwork and new stratigraphic analyses to be tested, is that 306 these high marine deposits were emplaced by either storm or tsunami waves during the Holocene sea 307 level highstand. For which concerns storm waves, the CAWCR wave hindcast (Durrant et al., , 308 2015 shows that the maximum significant wave heights in the proximity of the Spermonde 309
Archipelago ). It is unclear whether these events may have 325 produced significant events also in the Spermonde Archipelago: the paleo record, together with 326 tsunami wave models for these events, may help improving the current understanding of potential 327 tsunami risks for this area, bringing paleo constraints to it (Kench and Mann, 2017). 328
Validation of GIA models
329
Under the assumption that tectonic activity did not play a major role in the Makassar Strait (Bird, 2003; 330 Walpersdorf et al., 1998), the bulk of data presented in this paper (except those from Barrang Lompo, 331 discussed below) may be used to validate the outputs of GIA models. This is in turn relevant to GIA 332 corrections applied to tide gauge and satellite measurements aimed at quantifying the modern 333 climate-related sea-level changes. 334
Comparing our data with GIA predictions based on ICE-5G (Peltier, 2004 ) (summarized as light gray 335 band) (Figure 6 ), it is obvious that the model predicts a highstand that is up to 2 m higher than the bulk 336 of our field data, and its peak is predicted to occur roughly 1.5 ka later than what our data suggest. 337
The ANICE model performs better in this area, also considering that it was not generated by including 338 RSL observations to calibrate the ice model. In general, it underestimates systematically the highstand 339 by, at worst, half meter. Overall, the best performing model across all areas is ANICE-VM3-100, which 340 predicts a maximum highstand of 0.28 m. Standing this result, we propose that future studies should 341 explore different ice models (associated with a larger set of mantle viscosities) to gauge better fits and 342 misfits to our sea level index points. 343
The better match of ANICE to our data has a meaning for which concerns ice melting patterns. In fact, 344 the lower highstand predicted by ANICE stems from a very different (from the nominal ICE-5G model) 345 behavior of the Antarctic Ice Sheet (AIS) component. In ANICE, the AIS undergoes a fluctuation 346 throughout the Holocene, which might locally interfere with the syphoning effect, hence mitigating 347 the Holocene highstand (followed by a quasi-linear drop) predicted by ICE-5G. slightly from each other but show comparable average HLC. At Tambakulu, located further away from 364 the mainland (~70 km from Sanrobengi), the HLC is the lowest measured. 365
We propose that this difference is based on a mean sea level (and possible tidal range affecting the 366 MLLW level) difference from the coast (Makassar tide gauge) to open ocean, due to a progressively 367 deepening general bathymetry, and there is no reason to assume that this gradient was different 368 during the Late Holocene. Had we not taken into account this effect, our RSL estimates would have 369 been biased. This result reinforces the importance of defining local modern analogues to calculate 370 paleo RSL from coral microatolls (Hallmann et al., 2018; Woodroffe, 2003) . We highlight that the 371 maximum difference we found between living microatolls at different sites in our study area (i.e., ~40 372 cm, Figure 4) 
Local subsidence effects
378
As described above, the data presented in this study together with the data from Mann et al. (2016), 379 confirm a sea level history with a sea level highstand 3.5-6 ka BP. The only exception to this pattern is 380 the island of Barrang Lompo where microatolls of roughly the same age are consistently lower ( Figure  381 6). Comparing the data at Barrang Lompo with those from the other islands, we calculate that, on 382 average, Barrang Lompo RSL data is 0.8±0.3 m lower than all the other islands where we surveyed 383 microatolls of the same age (Figure 7) . 384
While some GIA models (specifically those not predicting an highstand in our study area, ANICE-VM1-385 100 and ANICE-VM2-100, see supplementary materials for details) match the lower RSL recorded at 386
Barrang Lompo, the better matching of other models (specifically ANICE-VM3-100) on multiple islands 387 in close proximity with Barrang Lompo (Bone Batang -3.7 km, Panambungan -10.8 km and 388
Kodingareng Keke -7.7 km) stands as a good reason to infer that Barrang Lompo is indeed subject to 389 subsidence. 390
The reason for this subsidence is presently unknown, but there is one striking geographic characteristic 391 that separates Barrang Lompo from the other islands reported in this study. Among all the islands we 392 surveyed, Barrang Lompo is the only heavily populated one (~4. which concerns GIA, the ICE-5G model modulated with differing mantle viscosities show a 437 mismatch with our RSL results. The predicted RSL is higher than the RSL derived from our 438
samples, and appears also shifted in time. Some iterations of ANICE seem to perform better. 439
The differences between ICE-5G and ANICE are mainly due to a different modeling of Antarctic 440
Ice Sheet evolution post 6 ka hence we argue that more ice and earth models should be made 441 available to compare with our RSL data in search for a better match. 442 2. There is an obvious geographic trend in the Height of Living Corals (HLC) we measured on living 443 microatolls. These HLC differences are probably based on differences in mean sea level and 444 tidal regimes due to a changing bathymetry from the coast towards the open ocean that need 445 to be tested via independent data (e.g. longer local tide gauge data). 446 3. The enigmatic low elevation of Late Holocene microatolls on the inhabited island of Barrang 447 Lompo, already raised by Mann et al. (2016) , is confirmed as an exception to a well-established 448 pattern from other four sparsely located islands. We propose that the low elevation of these 449 microatolls may be due to local subsidence caused by intensive human occupation of the 450 island, with subsequent groundwater extraction. This subsidence has the potential to 451 exacerbate, in the future, the effect of ongoing sea-level rise 452 453 4. Eight of our 24 fossil microatolls date to the Common Era. Sea-level index points of that age 454 were found in several locations but ours are, to the best of our knowledge, the first reported 455 for Southeast Asia. At present state, we recognize that our data are not precise enough to 456 allow further discussion on Common Era sea level, therefore we maintain that future studies 457
should be directed at finding more sea level indicators spanning this time frame, and 458 measuring them with higher accuracy to allow for higher resolution sea level reconstructions. The data will be available in the data repository PANGEA and we will add the DOI when the MS gets 473 to its final stage. 
